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(54) Method to assign upstream timeslots to a network terminal and network terminal and 
medium access controller for performing such a method 



(57) Upstream timeslots are assigned to a network 
terminal in a time division multiplexed communications 
network, by means of queue grants, each of these 
queue grants corresponding to a storage queue within 
said network terminal and associated with a particular 
service category. The rate of the queue grant bitstream 
composed of succeeding occurrences of these queue 
grants is thereby determined from at least one parame- 
ter of a parameter set associated to the corresponding 

CS 



storage queue and from at least one other parameter of 
at least one other parameter set associated to at least 
one other storage queue within any of the network ter- 
minals within the communications network. The present 
invention relates as well to a medium access controller 
adapted to perform the method, to a central station 
including such a medium access controller and to a net- 
work terminal including these storage queues. 
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Description 



[0001] The present invention relates to a method to assign upstream timeslots to a network terminal, as defined in 
the preamble of claim 1 , a network terminal adapted to perform this method, as defined in the preamble of claim 13 
and a medium access controller adapted to perform this method, as defined in the preamble of claim 17. 
[0002] Such a method, network terminal and medium access controller are already known in the art e g from the 
European patent specification EP 0 544 975 Bl "Time slot management system ". Therein, a time slot management 
system is described, bang part of a communication system including a main station coupled to each of a plurality of 
substations or user stations in a point-to-multipoint way. via the cascade connection of a common transmission link and 
an individual user link. The medium access controller of the present invention thus corresponds to the time slot man- 
agement system of the prior art document, the network terminals to the substations or user stations and the central 
station to the main station of this prior art documentrThe prior art time slot management system, includes a conversion" 
and transmission means which is adapted for generating grants associated to the substations for downstream transmis- 
sion to them. Upon receipt of the associated grant by the substations, these are then allowed to transmit a predeter- 
mined amount of upstream data packets to the central station. The prior art conversion and transmission means 
corresponds to the grant generation means of the present invention. In the prior art system, the rate with which suc- 
ceeding occurrences of network terminal grants are generated is directly proportional to bandwidth information earlier 
transmitted upstream by the user stations . for instance the peak rate at which the user station intends to Derform 
upstream packet transfer. r 

[0003] A drawback of the prior art system however is that it does not differentiate among different service categories 
pertaining to different packet or bitstreams the network terminals want to transfer upstream to the central station Fur- 
thermore, to guarantee that each user station of the prior art system, can transfer its upstream data, the information 
related to the bandw,dth requested by each user station or network terminal, usually corresponds to a peak cell rate 
being the maximum rate at which this network terminal needs to upstream transfer its data packets This prior art sys- 
tem is therefore functioning properly as long as the network terminals indeed have to transfer upstream bitstreams per- 
taining to a service category for which only a peak cell rate is specified, for instance the constant bit rate category as 
specified by the ATM Forum specification AF-TM-0056.000 dated April 1996 in case the bitstreams consist of ATM 
streams. In case however a network terminal intends to send packets pertaining to another, for instance the so-called 
best effort ■ service category such as the unspecified bit rate service category, described in the same ATM Forum spec- 
if .cation reserving a maximum peak cell rate equivalent bandwidth during a certain time period, while the packets are 
only to be transferred at irregular instances in short bursts, seriously underutilises the capacity of the upstream link At 
the same time, this may result in a high call blocking probability since the aggregate of the peak cell rates of the sup- 
ported connections cannot exceed the available upstream capacity of the common transmission link . which was nec- 
essary to secure the correct operation of the prior art time slot management system 

[0004] An object of the present invention is to provide a method, a network terminal, and a medium access controller 
cl " 1X136 bUt WhiCh a " OWS to differe ntiate amongst different types of service categories pertaining to 

T k .1 amS ° r connections t0 be "PSfream transmitted from this network terminal to the central station and 
whjch at the same time, aims at a more efficient use of the capacity of the common upstream transmission link ' 
J i 1^ ^ 9 to the invention ' ob i ect is achieved due to the fact that said method is further adapted as is 
r^Sf T ? nactemtic part of the first claim, that said network terminal is further adapted as described in the 

Sto^rt of claim 17 13 th3t Sa ' d mediUm aCC6SS COntr0 " er iS fUrth6r adapt6d 35 described in character- 
l^S J",*' 8 ** 8 * differentiation between diffe ™t service categories is first realised within said network terminal by 
H?hTL cl ^ ss,f y' r, 9' and temporarily storing the data packets to be upstream transmitted in different storage queues 
h~ h ^ r 96 qU6Ue corres P° ndin 9 to a respective service category. This sorting is for instance based on 
e h^"; 85 be ex P" ained more into detail in a following paragraph. Secondly, also the grant generation 
means ,s adapted to generate differentiated grants with respect to each different service category. 

o^m^ e r C U «!^^ the 5 ant rate associated to a P arti ^'ar storage queue is thereby not only determined from the 
SET n 1 0 ,1 ?* t0 th ' S St0ra96 qUeue ' but iS alS0 based ubon at ,east one °ther parameter related to anothe* 
Se^eal ZSSSt * COmmunications ™> to a better partitioning of the 

m^dut JfSf!T ,dth * COmmon transmission link since the upstream packet transmission rate will now be 
storage queues parameters associated to two competing bitstreams of which the packets are stored in these two 

Se oueu^ TTntS^l^" be upStream emitted from the same network terminal, in which case the 
!ZlSZr„^? 2 ** 83,116 n6tW0rk terminal as is stated in daim 2 - ° r «" b * transmitted from two 
tUSl raSe St ° ra9e QUeUeS 3re 3,50 bel0n9in9 10 »» different ne1work terminals as j s statS 

[0009] Another characteristic feature of the present invention is mentioned in claims 4 and 18. 
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[0010] The respective sets of parameters, associated to the respective storage queues, thereby include traffic and 
connection parameters associated to the respective bitstreams of which the data packets are stored within these 
queues, but also include a status parameter indicative of the status of these queues. As was stated by the previous 
claims 1 and 17, the grant rate associated to one queue, is then adapted based upon at least one parameter from both 
5 queue parameter sets. This implies that this queue grant rate may be solely dependent upon the status parameters, or 
solely on one of the traffic and connection parameters associated to both queues, or on a combination of both. In either 
case, the upstream data packet rate can be more efficiently controlled for matching the common transmission link 
capacity. Indeed, the traffic and connection parameters in general represent boundaries within which the actual traffic 
rates must lie. If the queue grant rate, which directly determines the corresponding upstream data transmission rate, is 
ro now dependent both on the own traffic limits, as well as on traffic limits of at least another, competing, bitstream, a better 
_ fit.to the capacity of the upstream transmission link is obtained since a rate lying in between both boundaries will be the 
result. "V 

[001 1 ] In case only the status parameters are controlling the rate of the upstream transmission of the data packets, a 
medium access control method proportionally dividing the upstream link capacity amongst for instance the active bit- 

75 streams, thus for which the corresponding storage queues are not empty, is using that upstream link capacity in a much 
more efficient way than for instance the prior art system, which only took the requested bandwidth into account. 
[001 2] By combining the traffic and connection as well as the status parameters for determining the queue grant rate, 
it is evident that even a more optimal use of the upstream link capacity is obtained. Examples of such algorithms will be 
described into detail in a following paragraph of this document. 

20 [0013] Yet afurther characteristic feature of the present invention is mentioned in claims 5,14 and 19. 

[0014] In this way, the parameters associated to the respective queues are upstream transmitted by the network ter- 
minals themselves by means of upstream queue request messages . This upstream transmission is mandatory for the 
queue status parameters which can not be communicated to the medium access controller in another way. The traffic 
and connection parameters on the other hand can be incorporated within the same upstream queue request messages, 

25 as is for instance stated in claim 15, but can also be delivered to the medium access controller from for instance the 
central station where this information is centrally stored during the connection set-up phase. 
[0015] Still another characteristic feature of the present invention is mentioned in claims 6 to 1 1 and 20 to 26. 
[001 6] By this, the queue grant rate, being directly related to the upstream associated packet transmission rate, is only 
adapted as long as the corresponding storage queue status parameter is complying with a predetermined criterion as 

30 is described by claims 6 and 20. In a previous paragraph such a criterion was already mentioned, namely that the 
queue should not be empty. Another criterion could be that at least a minimum number of cells are buffered in the stor- 
age queue. The storage queues of which the associated parameters are influencing the upstream packet transmission 
rate of one particular storage queue together constitute one group, whereas a subgroup of this group is formed by ail 
storage queues from the group for which the status parameters fulfil this predetermined criterion. Claims 7 and 21 state 

35 that, in stead of using the status parameters extracted from the upstream request messages as such, first status related 
parameters are determined from them, after which step these status related parameters are then further used for deter- 
mining the subgroup. The reason behind this latter solution is related to an eventual long delay between the arrival of 
two successive queue request messages. In this case downstream transmitted grants may already have caused a par- 
ticular storage queue to be empty, a long time before the next request message with the indication of this new status 

40 has arrived. For these networks, the status related parameters are derived from the latest version of the received status 
parameters, but take already into account recently generated grants to this same storage queue. The thereby deter- 
mined status related parameters thus aim at representing the actual status of the storage queues. In case however 
upstream request messages are arriving frequently enough to overcome this delay problem, there is no need for deter- 
mining these status related parameters. 

45 [001 7] From the parameters associated to the storage queues of the subgroup, an excess bandwidth is then deter- 
mined which will be proportionally divided amongst the storage queues of the subgroup. In case the group consists of 
the total of all storage queues within the network, and in case the grant rates associated to the storage queues for which 
the status parameters do not meet the predetermined criterion are set to zero, this excess bandwidth may correspond 
to an upstream bandwidth remaining available on the common transmission link when all bitstreams stored in the stor- 

50 age queues are already using the part determined by their traffic parameters, such as the peak cell rate or minimum 
cell rate. This excess bandwidth may be determined according to different methods, more details will be given in the 
descriptive part of this document. In addition, by proportionally dividing this excess bandwidth amongst these bit- 
streams of the subgroup, fairness amongst these competing bitstreams is obtained. This will also be explained into 
more detail in this descriptive part. 

55 [0018] Still a further characteristic feature of the present invention is mentioned in claim 12. 

[0019] Since the groups, the subgroups and the parameters may vary in time, the method is performed at particular 
predetermined instances, resulting in an adaptive method. These predetermined instances are for instance determined 
by the sending, at regular intervals of so-called PLOAM (Physical Layer Operation And Maintenance) cells, indicating 
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to the network terminals that these are allowed to transmit their upstream request messages, as was also already the 
case for the prior art system. 

[0020] The present invention relates as well to a central station including such a medium access controller as 
described by the above mentioned claims 19 to 26. as well as to a communications network including such a medium 
5 access controller and a network terminal as described in the above mentioned claims. 

[0021] The above and other objects and features of the invention will become more apparent and the invention itself 
will be best understood by referring to the following description of an embodiment taken in conjunction with the accom- 
panying drawings wherein : 

io Fig. 1 represents a scheme of a communications network wherein the present invention is applied, 

Fig. 2 represents a block scheme of network terminals ONUi and ONU1 of Fig. 1 as well of as the central station 
~~CS oHhi^arrtefigTIr^thi^ 

[0022] The communications network of Fig. 1 is composed of a central station CS and network terminals ONU1 
15 ONUi, ... to ONUn. the central station is coupled to these optical network units via the cascade connection of a common 
transmission link L, for instance an optical fibre link, and respective individual network terminal links L1,...,Li l ...,Ln, also 
for instance consisting of optical fibres . The network hence has a point-to-multipoint architecture in the downstream 
direction, which is the direction from the central station CS to the network terminals ONU1 to ONUn, and a multipoint- 
to-point architecture in the upstream direction, i.e. the direction from the network terminals ONU1 to ONUn towards the 
20 central station CS. 

[0023] In the downstream direction, the central station CS broadcasts information to all network terminals ONU1 to 
ONUn. The information is empacked in so-called downstream frames. In the opposite direction, the network terminals 
ONU1 to ONUn commonly share the link L in a time-multiplexed way. This means that different network terminals trans- 
mit information to the central station CS in different timeslots. Each network terminal thus sends upstream information 
25 in short bursts to the central station. The upstream timeslots constitute so-called upstream frames. 

[0024] To be allowed to send a burst in an upstream timeslot. a network terminal, for instance ONUi, has to receive a 
permission or grant from medium access controller MAC. usually included within the central station CS, as is also drawn 
in Fig. 1 . 

[0025] At regular time intervals such permissions are downstream broadcasted by the medium access controller by 
30 means of a so-called PLOAM (Physical Layer Operation And Maintenance) cell wherein the contents of grant fields pre- 
cisely define which network terminal is allowed to occupy which upstream timeslot. 

[0026] In a multi-service network, network terminals are adapted to transmit several bitstreams, pertaining to several 
connections. In case of ATM bitstreams, pertaining to different ATM connections, these are associated with a set of traf- 
fic and connection parameters, related to the ATM service category associated with the connection, and which param- 

35 eters are declared to the network by the user connected to the network terminal, during the connection-set-up, by 
means of signalling parameters. These traffic and connection parameters are for instance a peak cell rate, abbreviated 
with PCR, a minimum cell rate, abbreviated with MCR, a sustainable cell rate, abbreviated with SCR, etc. These param- 
eters are standardised by the ATM Forum by specification AF-TM-0056.000 dated April 1996. 
[0027] A network terminal, such as ONUi of Figs. 1 and 2, adapted to transmit several bitstreams associated to sev- 

40 eral service categories , therefore includes for each service category one associated storage queue, in which subse- 
quent cells or packets of the bitstreams associated with this service category, are stored. Thus in case four service 
categories are supported by this network terminal, four respective storage queues are included. These service catego- 
ries may for instance comprise the constant bit rate, abbreviated with CBR, the variable bit rate, abbreviated with VBR, 
the available bit rate, abbreviated with ABR and the unspecified bit rate, abbreviated with UBR, service categories, 

45 again specified by the aforementioned ATM forum specification. 

[0028] These storage queues included within network terminal ONUi are schematically depicted in Fig. 2 with 
ONUiQI , .... ONUiQj, to ONUiQm, for the general case of m service categories. In order to classify incoming data pack- 
ets from one incoming bitstream, in Fig. 2 denoted BSi, and composed of m individual bitstreams BSi1 to BSim, each 
individual bitstream pertaining to a respective one of the m service categories, the network terminal ONUi includes a 

so sorting means SMi, adapted to classify incoming data packets from bitstream BSi, in accordance to their associated 
service category. SMi then includes m output terminals, one for each respective service category, which are coupled to 

the m respective storage queues. SMi is thereby adapted to extract the m individual bitstreams BSi1 BSij BSim, 

succeeding packets of which are then stored in the respective associated storage queues ONUiQI to ONUiQm. For 
ATM networks, the sorting may be performed by examining the header of each ATM cell or packet. This header infor- 

55 mation includes the VPIWCI identifier, which is during connection set-up uniquely linked to a particular service category. 
SMi then is adapted to extract this header information, compare this to connection set-up information previously cap- 
tured and stored during the connection set-up phase, and to accordingly determine the associated service category. 
SMi is further adapted to forward these packets to one of the appropriate output terminals, which are further coupled to 
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an appropriate storage queue. Since such sorting means are further known to a person skilled in the art, these will not 
be further described within this document. 

[0029] For multi-service networks, it is clear that the grants transmitted to each network terminal, now not only have 
to include an identifier for the network terminal itself, but also an identifier concerning the service category of the bit- 
5 stream for which transmission is allowed. Since per service category one storage queue is associated, the service cat- 
egory identifier thus also corresponds to the storage queue identifier. 

[0030] The present invention therefore concerns a method for determining the grants associated per network terminal 
and per storage queue, as well as a medium access controller, which is adapted for executing this method. According 
to the subject method, the queue grant rate GRij for an individual storage queue, for instance ONUiQj, is determined 

70 from at least one parameter of a parameter set associated to the corresponding queue ONUiQj, and from at least one 
other parameter of at least one other parameter set associated to another storage queue. This other storage queue may 
- be included in the same network terminal ONUi as the one comprising storage queue ONUiQj, but may also be located 
in another network terminal, for instance network terminal ONU1. For the latter case, parameters associated to for 
instance storage queue ONUlQm, may be used for determining the queue grant rate GRij. The parameter set associ- 

75 ated to each of the storage queues within the network, and for instance denoted Sij for storage queue ONUiQj, includes 
the traffic and connection parameters, denoted TCPij associated to the bitstream of which the data pockets are stored 
in ONUiQj, and furthermore contains a parameter reflecting the status STij of this storage queue. This latter parameter 
may be simply indicating whether the queue is empty or not, or whether a minimum number of cells is available in thie 
storage queue, but, in more sophisticated variants, may also indicate the amount of packets stored at a particular 

20 moment in time, within this storage queue. 

[0031 ] Suppose that, besides one of the parameters associated to storage queue ONUiQj, at least one of the param- 
eters of storage queue ONUlQm is influencing the rate GRij. GRij is thus a function of a parameter Pij of the set Sij, 
and of a parameter P1 m of the set S1 m. Several options are then possible. Pij as well as P1m may correspond to the 
respective traffic and connection parameters, respectively denoted TCPij and TCP1m. For this variant of the method, 

25 these traffic and connection parameters may be explicitly communicated by the respective network terminals ONUi and 
ONU1 to the medium access controller MAC, by means of upstream queue request messages. Since these traffic and 
connection parameters were however already assigned to the individual bitstreams by the connection admission control 
function centrally residing within the network, these may therefore already have been communicated to the central sta- 
tion during this assignment phase. The central station CS in that case includes a central memory denoted CACM on 

30 Fig. 2 and adapted to store the traffic and connection parameters associated to all bitstreams or storage queues within 
the network and for which such a traffic a connection parameter was assigned. Since the medium access controller is 
also residing in this central station, this medium access controller can easily access this central memory, for getting the 
desired parameters such as TCPij and TCP1 m in order to determine the grant rate GRij. 

[0032] For another variant of the method Pij as well as P1 m consist of the status parameters, STij and ST1 m, of the 

35 respective storage queues ONUiQj and ONUlQm. This information is however to be explicitly communicated in the 
upstream direction by the corresponding network terminals ONUi and ONU1 towards the medium access controller. 
This upstream communication occurs by means of upstream queue request messages, respectively denoted QRMij for 
the storage queue ONUiQj, and QRM1m for storage queue ONUlQm. In this case the respective terminals ONUi and 
ONU1 include respective queue request generating means, respectively denoted Ri for ONUi and R1 for ONUI. These 

40 respective queue request generating means are adapted for determining the respective status parameters STij and 
STim, to incorporate them into respective upstream queue request messages. QRMij and QRM1m, and to further 
transmit these messages at regular instances upstream to the medium access controller MAC. The status parameters 
are determined at regular times, by means of the bi-directional links depicted on Fig. 2 between for instance Ri and the 
respective storage queues ONUiQl to ONUiQj. For R1 only one bi-directional link is shown between Ri and ONUlQm, 

45 in order to not overload the drawing. The status parameters may consist of a simple indication of the queue being empty 
or not, whether or not a minimum number of cells are available in the queue or may consist of the real amount of cells, 
contained in this queue at a particular instance in time. The predetermined instances at which these queue request 
messages are generated and upstream transmitted are determined by the medium access controller itself, which reg- 
ularly transmits downstream grants specially dedicated to the upstream transmission of this kind of request information 

so from one or from a multiple of network terminals. 

[0033] Such queue request messages, for instance QRMij including the status parameter STij of storage queue ONU- 
iQj, and QRM1m including the status parameter ST1m of storage queue ONUlQm, are regularly transmitted from the 
respective network terminals ONUi and ONU1 towards the medium access controller MAC. The latter further includes 
an extraction means, denoted EM in Fig. 2, which is adapted to receive from all network terminals their queue request 

55 messages, and to extract therefrom the parameters associated to their respective storage queues. These associated 
parameters are further transmitted by the extraction means EM to a memory means denoted MM in Fig. 2. This memory 
means includes, per storage queue, a memory location for storing the upstream communicated parameters associated 
to this storage queue. How to realise embodiments of such an extraction means and such a memory means is known 
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by a person skilled in the art and this will therefore not be further described in this document. By means of an example 
in Fig 2 two output signals from the extraction means, serving as input signals to the memory means are depicted' 
namely the status parameters ST1 m and STij 1 " ,Bcm5 are aepictea. 

ISiJ^^T 396 qU . eUe . 5 ' 0 V VNCh the parame,ers " at a moment in time, are influencing the queue grant 

^SS^t ? 3 f . St ° ra9e qU6U c e - f ° r inStanCe ° NUiQj - are formin 9 a so called 9~UP * borage queues 
associated to that particular storage queue. For the previously mentioned example, ONUiQj and ONUIQm are tormina 
the group associated to storage queue ONUiQj. areiorming 

[0035] Several algorithms are of course possible for determining the grant rate GRij. As already mentioned GRii mav 
be solely determined based on the status parameters STij and ST1 m of the storage queues of th'e group EXSJ 
the prev.ous example, these status parameters thereby also constituting a group of status parameters asTodated to 
storage queue ONUiQj. In this case, in genera, a method for calcu.ating GRij first includes a 

SJSSSST^.* LSt ° ra9e qUeU6S " tNS 9r ° up against a determined criterion, in sSSJSSS" 
fast status related parameters are denved from these status parameters by for instance already taking into Account 
already generated grants, as will be described in a further paragraph of this document. These ^ISSmZSSSI 
a ' mat re P*sent,ng as close as possible the actual status of the queues within the medium access contSe^y a e 
introduced s.nce ,t may take some time for an upstream queue request message to arrive at the central station wheris 

t^HZJZ^JTtr ^T* ^ C3USed the ^responding storage queue to be empty 
!J2f! . thus determ.ned status related parameters are then also used for determining the subgroup by comparina 
Zle l^Z * 6 Pred6,ermined Criterfon as in ^ -se merely the status parameters are u2d Z ^ZTn" 

K^l n Th t Prede J! T in6d Cr J t6ri0n maV f ° r inStanCS COnsist of paring all status or status related parameters of 
the group wrth a predetermined value. Only these status or status related parameters exceeding this predeterr^ni 
value are then further used by the method for calculating GRij, these storage queues thereby consSingllZoS 

bllnnnT qUeue ° NUiQj Besides ,his - » also needs to b. checked whether (SS 

crtZ ° ° W t n h Sub9rou P' bv checkin 9 the ^tus or status related parameter ST.j against this p^ermTned 

resoondino SET? T ^k^ 8 r6 ' a1ed parameter ST * is not *> «• Predetermined criSon thTco^ 

9ran l? e ^ bePUt t0 2er °' ° r 10 a ,OW P^termined value, or even left unchanged. For the case 
^ P redetermined criterion consists of checking whether the queues are empty or not, for one vahart oHhe 
method the queue grant rate for empty queues is set to zero, since no data packets are to be transmitted ^ a non 
empty storage queue, the corresponding queue grant rate is then further deterS I £ tSSSZEZ^VSZ 
Zn^°T b,1StreamS ° f the SUb9r0Up This excess may for instance correspond to a pSeSmS 

SEX*. I 6 C f mm ° n UPSfream transmission whereby this is for instance distributed^amoXlaS^ 
SST takK19 mt ° aCCO r m ,hS am0unt of cel,s in ** storage queue as proportionality factor. 9 M 
E ^! V6r 3 , *? * ^^riant methods f ° r determining the queue grant rates are possible. 
£S J f y 3 C and connection Parameters are used for determining a queue grant rate without usina the 
trefm/of S ^ TH" 6X0655 b3ndWid,h ^ 38 we " be Proportionally *^VwM^££!Z 
lm7 m L * 9r K UP . ' n ? ,S 0656 n ° SUbQr0UpS are ^termined. The proportionality factor as well LTe excess £and- 
X gC baS6d ^ th6 traffiC 3nd COnneCti ° n parameters of tne i^idua^oTage queue! 

Spa^te^ cTn^IT 6 QU6U6 9fant ^ ° f 3 PartiCU ' ar St ° rage < ueue is det ermined from both 
thTc ZrZ , 1 connection parameters associated to all storage queues of the arouo associated to 

Zw* *a ranSS," ^ 7 ,0nn *™ Ce asynchronous passive optica, networks, hereafter abbreviated WEAPON 
' determined from the total of all traffic and connection parameters and all status parameters 

Ked°^^ adaPting 9rant r ° te GR 'j within these APON networks will now be further 

lS? Tnts m^^'^ ,n ? «** ^ 016 ^ ^ COntr ° ,,er 

memory means MM in vvnfch tt» ™2? STj « " ? a ' rSady mentioned extraction means EM and 

extracted anHthJTT' , r espect.ve status parameters of all storage queues within the network are first 

Z£S£ il " T ' n ° rd6r 10 ^ ° V6r,0ad the drawing - on,y — » Paramete^^T m 
me^S^ L^XS iSnTthL^ termina,S havin 9 transmi tted one of their upstream quiue requeS 

APONnf^LS^ m6dium aCC6SS roller MAC, used in £ instant the 

age queues. terminals are sending upstream queue request messages for each of their incorporated stor- 

!oTln£^ aC ?"* "** depicted in Fig. 2. the memory means MM is coup.ed 

of a plural SvSltST 6 Tf' " m 3CCeSS COntro " er TOs me ans CM is compSS 

ny of individual counters, one counter assigned to each respective storage queue within the network. Each of 
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these individual counters, such as for instance counter Cij receives as input parameters on one hand the status param- 
eters STij of the corresponding storage queue ONUiQj, from the memory means MM, on the other hand a control signal 
CSij, generated by a grant generator GGij. The latter device will be described more extensively in a further paragraph. 
In the embodiment of the medium access controller used in the APON network, the respective status parameters STij 

5 are indicating the amount of cells or packets residing within the corresponding storage queue ONUiQj. This status 
parameter output signal is transmitted at regular time intervals from the memory location towards the counter means, 
and serves to reset the counters to this value. Upon receipt of the respective control signals from the respective grant 
generators, each counter decreases its output value with one, or with a predetermined value in case this same prede- 
termined amount of cells is to be transmitted upstream from the corresponding storage queue ONUiQj upon receipt of 

10 a grant GONUiQj. 

[0043] Upon receipt of a new queue request message, the thereby included updated value of the status parameter 
STij will however reset the counter to this new updated value. By this mechanism the corresponding counter output _ 
value always aims at reflecting the actual amount of cells within the queue ONUiQj, and thus the actual value of the sta- 
tus parameters at any point in time. This counter output value is therefore to be considered as a status related param- 

75 eter for its corresponding storage queue. 

[0044] It however needs to be remarked, that, dependent upon the frequency with which the request signals are trans- 
mitted by the individual network terminals, and read out by the extraction means, also embodiments of the medium 
access controller without such counter means are possible. In these embodiments the memory means is then directly 
coupled to the grant rate determining means GRCM which will be described in the following paragraph, whereby in this 

20 case no status related parameters are determined . In case the counter means is included in the MAC, this device may 
also directly be coupled to the extraction means EM, in which case the MAC does not include the memory means MM. 
A person skilled in the art is adapted in any of these cases how to realise different embodiments for these three devices, 
taken into account the frequency with which the request signals are arriving at the MAC. 

[0045] In order to calculate an individual grant rate GRij, a grant rate calculating means GRCM is included within the 

25 medium access controller MAC, adapted for performing the method. This grant rate calculating means forms part of a 
calculating means ARC . which is coupled to the extraction means, and which , in some embodiments such as the one 
depicted in Fig. 2, may also include the aforementioned counter means CM. The grant rate calculating means is thereby 
adapted to receive the output signals from the corresponding counters, these signals thus constituting status related 
parameters, or in case this counter means is not present in the embodiment, output signals from the corresponding 

30 memory locations, these signals thus constituting status parameters. With these status or status related parameters as 
input parameters, the grant rate calculating means is adapted to check whether the associated storage queue ONUiQj 
is not empty. This grant rate calculating means is thereby adapted to compare the corresponding counter output value, 
denoted CVij in Fig. 2, with zero. In the case the storage queue was empty, the grant rate GRij, being an output signal 
of this grant rate calculating means, is set to zero. In case the counter value CVij is larger than zero, the grant rate cal- 

35 culating means will then further determine the subgroup associated to the storage queue ONUiQj, by comparing all 
counter values of all counters with zero. This is schematically depicted in Fig. 2 by the connection between the counter 
Clm towards the GRCM, whereby counter Clm transmits its output signal CV1m towards the grant rate calculating 
means GRCM. In order to not overload the drawing control signals from the calculating means towards the counter 
means for requesting these output values are not drawn. 

40 [0046] For a non-empty storage queue ONUiQj the grant rate calculating means next determines an excess band- 
width which is to be proportionally distributed amongst the active storage queues of the subgroup. To this purpose, first 
the traffic and connection parameters, associated to the bitstreams of which packets are stored within storage queues 
of the subgroup, are to be converted into internal parameters used by the method. For the bitstream BSij, of which the 
packets are temporarily stored in storage queue ONUiQj, the following internal parameters are used as internal varia- 

45 bles : a minimum service rate, abbreviated with MSRij, and a peak service rate, abbreviated with PSRij. A conversion 
between the presently standardised traffic and connection parameters as given by the aforementioned ATM Forum doc- 
ument is given in the following table: 



ATM service category 


standardized parameters for 
the ATM service category 


Standard parameter 
used for MSRij 


standard parameter 
used for PSRij 


CBR 


PCRij 


PCRij 


PCRij 


VBR 


PCRij,SCRij.BTij 


SCRij 


PCRij 


ABR 


PCRij.MCRij 


MCRij 


PCRij 



BNSOOCID: <EP 0957654A1_I_> 



7 



EP 0 957 654 Al 



ATM service category 



UBR 



standardized parameters for 
the ATM service category 

PCRij.MCRif 



(continued) 



Standard parameter 
used for MSRij 

MCRij 



standard parameter 
used for PSRij 
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[0047] conversion table between starviarrii^ a-ph " ' 

MS*, and es R1J usea „ „ e ZtJTt^^™^™"*" « - 

CBR: constant bit rate service category 
VBR: variable bit rate service category 
ABR : available bit rate service category 
UBR-: unspecified bit rate service category 
PCRij : peak cell rate associated to bitstream BSij 
SCR., : sustarnable cell rate associated to bitstream BSij 
MCftj | : mm.mum cell rate associated to bitstream BSif 
moo- 51 to,erance associated to bitstream BSij 

formed by a conversion device denoted CD anJ iSEJE £ * S WS "- This <*~*'*°" "■ PT- 
adapted to receive from the connection admission «v*£uL ^'at-ng means ARC. The conversion device is 
fon CS of which also the medium accesfcoSer ZT^TZfT**, ° A0M ^ ^ *• cenS* a 

Hon parameters. These are by wav of e™ZZ MACforms P art - *• values of the standardized traff fcand^rZ 
associated to storage queue ONUIqJ ' a^ZVJI^^ by the traffic and connection pa ametei Tc^m 

APSR = X PSRW 

1. 

AMSR = i MSRkl 

2. 

ASR = ASRO - 1 MSRkl 

performed over al, storage queues of the subgroup 9 ° UP * St ° ra9e °"UiQj. The summaSs are 



with 



GRij = min(PSRij; MSRij+ ±ti x ASR) 



55 



Aij = PSRij- MSRij 
A = APSR - AMSR 
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the bitstream of which the packets are temporarily stored within storage queue ONUiQj. 

[0052] Rule 4 thus implies that the grant rate GRij is determined as the minimum of two values, a first value being the 
associated peak service rate PSRij, a second value being a proportional division of the allowed service rate ASR 
amongst all bitstreams of the subgroup. An excess bandwidth, corresponding to this allowed service rate, is thus deter- 

5 mined as the difference between the initialised value ASRO, which in general corresponds to the capacity of the com- 
mon transmission link, and the sum of ail minimum service rates of all bitstreams of the subgroup, in this case 
consisting of all active bitstreams. The thus determined value of ASR corresponds to an excess bandwidth remaining 
available at the common transmission link after all minimum service rates of all active bitstreams are used. This excess 
bandwidth is then proportionally divided amongst all active bitstreams or storage queues, based on their negotiated 

io traffic contract parameters related to PSRij and MSRij, while non of the storage queues is arbitrarily discriminated or 

favoured. Fairness is thus obtained. . . _ ...... . ._ 

[0053] It further needs to be remarked that when the counters are updated, the global parameters APSR, AMSR and 
ASR need also to be updated. The algorithm is executed at predetermined instances , in order to closely follow the lat- 
est version of the status related parameters. This algorithm can thus be considered as an adaptive algorithm, following 

is as closely as possible the status of the queues within the network terminals. 

[0054] Other implementations exist whereby incremental differences between successive values of the status related 
parameters are used for determining the variables used by the algorithm. A lot of other algorithms are of course also 
possible. 

[0055] Although not drawn in Figure 2 for simplicity reasons, circuitry for the control and synchronisation between the 
20 calculating means ARC and the connection admission control memory CACM as well as between the counters of CM 
and the calculating means is necessary, for proper operation of the method. A person skilled in the art is capable of real- 
ising such circuitry. Since these control circuits are however not relevant to the invention they will not be further dis- 
cussed in this document. 

[0056] The grant rates for each of the active storage queues are determined using the same algorithm. The calcula- 

25 tions may be performed in parallel or sequentially by the calculating means, depending upon the processing capacity 
of such means. Nevertheless, from the formula's of the algorithm it is clear that a lot of calculations can be shared. 
[0057] The grant rate calculating means is further adapted to deliver these respective grant rates , by way of example 
represented by GR1m for the grant rate associated to storage queue ONUlQm and GRij for the grant rate associated 
to storage queue ONUiQj, as input signals to a grant generator denoted GG. This grant generator consists of a plurality 

30 of individual grant generation devices, such as GG1m and GGij. An individual grant generation device, for instance 
GGij, is adapted to generate a succession of respective queue grant messages, such that the rate of the bitstream com- 
posed of successive occurrences of these queue grant messages corresponds to GRij . The principles for converting 
these rates to such a bitstream of grants is commonly known to a person skilled in the art, and will therefore not be fur- 
ther described into detail in this document. 

35 [0058] Furthermore, upon generation of each grant GONUij by the grant generation device GGij, a control signal 
denoted CSij is generated by this grant generation device GGij and supplied on a control output terminal of the grant 
generation device to the corresponding counter Cij. Therefore, each of the grant generating devices, includes a control 
output terminal which is coupled to a control input terminal of a corresponding counter, associated to the same storage 
queue. Each time a grant is generated, the value of the control signal delivered to the counter equals the amount of cells 

40 which are allowed to be upstream transmitted by the corresponding storage queues, after receipt of an associated 
downstream grant. In case one cell is to be transmitted upstream, this value is thus one, and the corresponding counter 
will decrease its output value with one. In order to not overload the drawing on Fig. 2, only control signal CSij is shown. 
[0059] The thus determined individual queue grant bitstreams are further scheduled by a scheduler device, denoted 
SD in Fig. 2, which is adapted to generate from these nxm individual bitstreams one downstream bitstream. The sim- 

45 plest implementation of such a scheduler device may consist of a multiplexer, but also more sophisticated scheduler 
devices can be used, whereby more complex scheduling or work conserving service discipline methods are realised. 
These are for instance described in the article "Service Disciplines for Guaranteed Performance Service in Packet- 
Switching Networks" by H. Zhang, Proceedings of the IEEE, 83 (10), October 1995. Therein on the pages 5 to 9 a 
series of these work-conserving service disciplines is discussed. These scheduler means furthermore may consist of 

so several stages, first including a scheduler device to schedule the nxm queue grant bitstreams into m queues, one queue 
per service category, and to further multiplex then the bitstreams from these m queues into one global downstream bit- 
stream BSG of grants. 

[0060] It further is to be remarked that since the downstream bitstream of grants BSG now includes succeeding occur- 
rences of queue grants, each network terminal also is further adapted to determine from the bitstream of grants , the 
55 respective queue grants associated to the storage queues which are included within this network terminal. To this pur- 
pose a detecting means is included in each of these network terminals, denoted DMi for network terminal ONUi in Fig. 
2. In order to not overload this figure, neither the input nor the output signals of this detecting means are drawn. This 
detecting means is adapted to receive the bitstream of grants, to extract therefrom the queue grants associated to the 
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respective storage queues within ONUi, and, upon detection of such a queue grant, to generate a corresponding control 
signal towards the corresponding storage queue, allowing this storage queue to upstream transmit this predetermined 
amount of packets towards the central station CS. Since also such detecting means are known to persons skilled in the 
art. more detailed embodiments will not be described in this document. 

[0061 ] Although the medium access control method and controller have been described for APON networks, they may 
as well be used for any network based on time division multiplexing, such as hybrid fiber coax networks, satellite net- 
works and so on. 

[0062] While the principles of the invention have been described above in connection with specific apparatus, it is to 
be clearly understood that this description is made only by way of example and not as a limitation on the scope of the 
invention, as defined in the appended claims. . 

Claims - - ~ 

1. Method to assign upstream timeslots to a network terminal (ONUi) of a first plurality of network terminals 

(ONU1 ONUi,...,ONUn) in a communications network wherein a central station (CS) is coupled to said plurality 

of network terminals (ONU1 ,...,ONUi ONUn) via the cascade connection of a common transmission link (L) and 

respective individual network terminal links (L1 Li,...,Ln) and wherein said network terminals 

(ONU1 ONUi, ...ONUn) are adapted to transmit upstream data packets to said central station (CS) in a time mul- 
tiplexed way over said common transmission link (L) using said upstream time slots, which are assigned to said net- 
work terminals by means of a downstream bitstream (BSG) of network terminal grants, said downstream bitstream 
being generated by a medium access controller (MAC) included within said communications network, 
characterised in that 

- within said network terminals (ONU1 ONUi,...,ONUn) said upstream data packets are classified in accord- 
ance to their associated service categories and temporarily stored in a second plurality of storage queues, 
each respective storage queue of said second plurality being related to a respective one of said service cate- 
gories (1 j.....m), 

- a grant (GONUi), associated to said network terminal (ONUi). includes a third plurality of queue grants 

(GONUM,... .GONUij,..., GONUim) each associated to a respective storage queue (ONUiQI, .... ONUiQj 

ONUiQj) within said network terminal (ONUi), 

- whereby a queue grant (GONUij) of said third plurality is enabling said network terminal (ONUi) to transfer a 
predetermined amount of upstream data packets from its corresponding storage queue (ONUiQj), 

and whereby the rate (GRij) of the queue grant bitstream composed of succeeding occurrences of said queue 
grants (GONUij), is determined from at least one parameter (Pij) of a parameter set (Sij) associated to said cor- 
responding storage queue (ONUiQj) , and from at least one other parameter (P1 m) of at least one other param- 
eter set (Sim) associated to at least one other storage queue (ONUlQm) within any of said network terminals 
within said communications network. 

2. Method according to claim 1 
characterised in that 

said at least one other storage queue is included within said network terminal (ONUi). 

3. Method according to claim 1 
characterised in that 

said at least one other storage queue (ONUlQm) is included in at least one other network terminal (ONU1) of 
said plurality of network terminals. 

4. Method according to claim 1 
characterised in that 

said parameter set (Sij) associated to said corresponding storage queue (ONUiQj) includes traffic and connec- 
tion parameters (TCPij) related to the data packets stored in said corresponding storage queue (ONUiQj). and 
a status parameter (STij) related to the status of said corresponding storage queue, 

said at least one parameter set (S1 m) associated to said at least one other storage queue (ONUlQm) includes 
traffic and connection parameters (TCP1m) related to data packets stored in said at least one other storage 
queue (ONUlQm) and at least one status parameter (ST1m) related to the status of said at least one other 
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storage queue. 
5. Method according to claim 1 



w 



6. Method according to claim 5 

-characterised in that "~ 
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Sing a SJSSS^^S^^ 2 * '"J ^ ^ «»» <° NU1Qm > «"«- 

fnr cL slora 9 e queues, associated to said corresponding storage queue (ONUiQh 

oratS ,o ^ " OSW * 9 8 9roUPO, 5B,,K Pafamae ' s - -~ 

7. Method according to claim 5 
characterised in that 

w I* V dge queues, assoaated to said corresponding storage queue (ONUiOn 

elated to sa U LCE?^ S^SSS' W COnS, " 0 ' n9 ' 8 " K ' P °* Sa,us Mrama «* «- 
queues within said 9,0* « ^oragTauauS ,S « ff". a subgroup of storage 

8. Method according to claim 6 or claim 7 
characterised in that 

9. Method according to claim 8 
characterised in that 

45 

1 0. Method according to claim 9 
so characterised in that 

55 11. Method according to claim 1 0 
characterised in that 

said proportion* part is determined from the values of said at least one of the parameters of each parameter 



11 



EP 0 957 654 A1 



set associated to each storage queue of said subgroup. 



. Method according to claim 1 1 
characterised in that 

said method is performed at predetermined instances. 

P^esTsaid eenJ s<atk>n (CS) upon dele*, of said asaooatad gran. (OONU,). 

characterised in that Q H ar .toH to classilv said upstream data packets in 

second plurality being related to a respective one of sa,dserv,ceca egor.es (1....J m) . P 

porari.y store sorted data packets delivered by sa id sorbng ™^ M ^ to discriminate with in said bit- 

- said network terminal (ONUi) further includes detect.ng means i(DM0 * GONUim). each respec- 
stream of grants . respective queue grants of a third ^ U -1 • &fi£*+M*£ (ONUiQI .... 
, ive queue grant being associated to *J5£E to ^d^^o» a respective queue 

- E=p^^ 

14. Network terminal (ONUi) according to claim 13 
characterised in that 

upstream queue ? request message (QRMij) being an output signal of said request generatng means (R.). 

15. Network terminal (ONUi) according to claim 14 
characterised in that 

age queue (ONUiQj). 

16. Network terminal according to claim 14 
characterised in that 

said at least one associated parameter (Pij) associated to a respective storagequeuei (ONUiQj) consists of a 
status parameter (STij) related to the status of said respective storage queue (ONUiQj). 

17 Medium access controller (MAC) of a communications network wherein a central station (CS) is coupled to a first 

WZSSEZI* (ONU1 ONUi ONUn) via the cascade -^^r™^^^ 

(L) and respective individual network terminal links (L1 U-.Ln) and wherein £™ 

(0NU1 ONUi ONUn) are adapted to transmit upstream data packets to said central station (CS) ni mnu 
tS way over i d common transmission link using time slots, said medium access controller (MAC) mclud.ng 
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grant generation means (GGM) adapted to determine a downstream bitstream of network terminal grants 
(BSG) and to transmit said bitstream to said network terminals of said first plurality, 
characterised in that 

said grant generation means (GGM) is further adopted to generate at least one network terminal grant as a 

5 third plurality of queue grants (GONUM GONUij GONUim) each queue grant of said third plurality being 

associated to a respective storage queue (ONUiQI ONUiQj ONUiQj) within at least one network ter- 
minal (ONUi) associated to sad at least one network terminal grant (GONUi), 

said grant generation means (GGM) thereby includes calculating means (ARC) adapted to determine the rate 
(GRij) of succeeding occurrences of a queue grant (GONUij) of said third plurality, from at least one parameter 
io (Pij) of a parameter set (Sij) associated to a corresponding storage queue (ONUiQj) to said queue grant 

(GONUij), and from at least one other parameter (Pirn) of at least one other parameter set (S1m) associated 
to at least one other storage queue (ONUlQm) within any of sa]d network termir^ls^within said communica- — 
tions network - 

15 18. Medium access controller according to claim 17 
characterised in that 

said medium access controller (MAC) further includes extraction means (EM) adapted to extract, from at least 
one corresponding upstream queue request message (QRMij), and respectively from at least one other 
upstream queue request message (QRM1 m), said at least one parameter (Pij) of said parameter set (Sij) asso- 
ciated to said corresponding storage queue (ONUiQj), and respectively said at least one other parameter 
(P1m) of said at least one other parameter set (S1m) associated to said at least one other storage queue 
(ONUlQm), and to deliver said at least one parameter (Pij), and respectively said at least one other parameter 
(P1 m) as output signals of said extraction means (EM). 

19. Medium access controller according to claim 17 
characterised in that 

said parameter set (Sij) associated to said corresponding storage queue (ONUiQj) includes traffic and connec- 
tion parameters (TCPij) related to data packets stored in said corresponding storage queue (ONUiQj) and a 
status parameter (STij) related to the status of said corresponding storage queue, 

said at least one other parameter set (Sim)) associated to said at least one other storage queue (ONUlQm) 
includes traffic and connection parameters (TCP1m) related to data packets stored in said at least one other 
storage queue (ONUlQm) and at least one status parameter (ST1 m) related to the status of said at least one 
other storage queue (ONUlQm). 

20. Medium access controller according to claim 18 and 19 
characterised in that 

said at least one, respectively said at least one other, queue request message includes said at least one, 
respectively said at least one other status parameter, 

for said corresponding storage queue (ONUiQj) and said at least one other storage queue (ONUlQm) consti- 
tuting a group of storage queues, associated to said corresponding storage queue (ONUiQj). 
for said status parameter (STij) of said corresponding storage queue (ONUiQj) and said at least one other sta- 
tus parameter (ST1m) of said at least one other storage queue (ONUlQm) constituting a group of status 
parameters, associated to said corresponding storage queue 

an input terminal of said calculation means (ARC) is coupled to an output terminal of said extraction means 
(EM), said calculation means is thereby adapted to receive all status parameters (Sij.SI m) of said group (ONU- 
iQj.ONUlQm) and to determine therefrom a subgroup constituting of storage queues within said group of stor- 
age queues for which said status parameters respond to a predetermined criterion. 

21. Medium access controller according to claim 18 and 19 
characterised in that 

55 said at least one. respectively said at least one other, queue request message includes said at least one. 

respectively said at least one other status parameter, 

for said corresponding storage queue (ONUiQj) and said at least one other storage queue (ONUlQm) consti- 
tuting a group of storage queues, associated to said corresponding storage queue (ONUiOj) 
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w 22. Medium access controller according to claim 21 
characterised in that 



75 



23. Medium access controller according to claim 20 or claim 21 
characterised in that 



24. Medium access controller according to claim 23 
characterised in that 



depende* or, a proportions, Mrt o7an a4S oaSS " a " rencK 01 ■* „ran, (GONUij) to be 

25. Medium access controller according to claim 24 
5 0 characterised in that 

35 26. Medium access controller according to claim 25 
characterised in that 



40 



45 



said subgroup. parameters of each parameter set associated to each storage queue of 



said medium access controller is included in said central station (CS). 
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